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TELEMETER TRANSMISSTION AT
219.5 MEGACYCLES FROM TWO ROCKET-POWERED MODELS
AT MACH NUMBERS UP TO 15.7%*

By George B. Graves, Jr., and J. Thom2s Markley

SUMMARY

Successful telemeter itransmission at hypersonic speeds was cbtained
from two five-stage rocket-powered models which used radio telemeters
operating &t a frequency of 219.5 megecycles. One model reached a Mach
number of 15.5 at an altitude of 98,000 feet and the other model reached
a Mach number of 15.7 at 70,500 feet altitude before the telemeter sig-
nal was lost. t Mach numbers above 5.0 comparison was made of the
received signal strength with the predicted signal strength based on
free-space theory for the expected flight paths. This comperison indi-
cated that significant attenuation occurred during the period of Mach
number incresse., Attenuation may have resulted from thermsl ionization
in the high temperature gsses surrounding the model or conditions in
the exhaust gases during rocket burning; however, the results may have
been caused by other factors, such as changes in model attitude which
placed the receiving antenns in a null in the raedistion pattern or
lcsses in the antenns dielectric material at increased temperature.

INTRODUCTION

For some time it has been evident that radio transmission from a
misslle traveling at hypersonic speeds may be Impaired because of ion-
ization end free electrons in the high-temperature gases surrounding
the missile. Since radio telemetry has become almost essential for
obteining date during the development and testing of missiles, and
tactical use of missiles may require radio techniques for guidance and
fusing, this could have serious effect on the development and use of
long-range ballistic missiles and other hypersonic weapons. Theoreti-
cal analysis of the transmission and propagstion problem is extremely
difficult and requires information which is not aveilable, such as

*Title, Unclessified.
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details of the physical state of the gases surrounding the misslle
(including the degree of dissoclation, lonization, and recombination
rates) and knowledge of the interaction of these gases with the elec-
tromagnetic field of the transmitting antenna. Because of the small
amount of experimental information available, a study hes been made of
the telemeter transmission from two free-flight rocket-powered research
models which reached hypersonic speeds.

These rocket models were flown at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va., as part of a basic research
program being conducted by the Langley Laboratory on the problems asso-
ciated with hypersonic flight. While radio telemetry hes been success-
fully used in obtaining data from a number of free-flight research
models which have been flown as part of this program, the signal-
strength measurements which are necessary in a study of the radio trans-
mission problem were not made during previous model flights.

In order to indicate the attenuation resulting st increased veloc-
ities, the variation in signal strength received from telemeters oper-
ating at 219.5 megacycles is compared wlth calculated values based on
free-space conditions., This comparison is made et flight conditions
above a Mach muber of 5.0 until the time of loss of telemeter signel,
which occurred in one case at a Mach number of 15.5 at an altitude of
98,000 feet, and in the other case at a Mach number of 15.7 at an alti-
tude of 70,500 feet. It is necessary to emphasize that the attenuation
velues are of a qualitative nature because of limitations in accurately
determining the free-space antenna radistion patterns and difficulty in
determining the attitude angles of the model which are needed to locate
the position of the receiving site in these patterns.

An analysis is made of the heating conditions which apparently
caused structural failure and loss of telemeter signal from one model,
Analysis of the heating conditions for the other model indicates that
the loss of telemeter signsel in this case may also have been a result
of structural feilure caused by heating, although the heating conditions
did not appear to be so severe as in the case of the first model. Some
of the flight conditions ere shown to correspond with points on the
trajectory of a reentry missile with E%K of 100 1b/sq ft, a reentry

velocity of 20,000 feet per second, and a reentry angle of -21.8°. The
electron concentration calculated at the stagnation point for the high-
est velocity flight conditions at which a telemeter signal was received
approached maximum electron concentration expected during reentry of
such a missile.
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SYMBQOLS
A frontal area of body
Cp drag coeffiecient
d distance, Tt
GR recelving antenna gain
Gm transmitting antenna gain
M Mach number
Ne~™ free electron concentration
Pp trensmitted power, watis
PR received power, watts
W welght, 1b
a angle relative to horizontal, deg
¥ ratio of specific heat at constant pressure to specific hesat
at constent volume
A wavelength, Tt
Subscript:
w air at temperature of wall

MODELS AND INSTRUMENTATION

Models

Fach of the two models wes propelled by e five-stage rocket system:
the first stage consisted of an M6 JATO (Honest John) rocket motor; the
second and third stages, M5 JATO (Nike)} rocket motors; the fourth stage,
a JATO, 1.52-KS5-33, 550, XM19 (Recruit) rocket motor; snd the fifth
stage, a JATO, 1.3-KS-4L800, T55 rocket motor. A photograph of one com-
plete assembly mounted on the launcher Jjust prior to firing is shown in
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figure 1. Figure 2 presents a sketch of the first four stages together
with s table which gives the weights of the various components.

A photograph of model A is presented in figure 3 and a sketch is
shown in figure L. Model B is shown in the photograph of figure 5 and
the sketch in figure 6.

Instrurentation

Both models were instrumented with standerd NACA radio telemetry
which uses a transmitter operating at 219.5 megacycles with & nominal
radio-freguency power output of 1.5 watts. Measurements taken by five
accelerometers and six thermcocouples were transmitted from model A for
the purpose of cobtaining heating data. A detalled description of this
model and the results of the heating investigation are given in refer-
ence 1. In model B, the instrumentation weight was held to a minimum
in order to obtain maximum veloecity, and longitudinal acceleration was
the only measurement transmitted from the model.

Detalls of the antennsa construction for model A are shown in fig-

ure 7. The measured radiation patterns for model A alone and for

model A assembled with the fourth-stage Recruit rocket are presented

in figure 8. Details of the antenna construction for medel B are shown
in figure 9, and the antenns radiation patterns for model B are pre-
sented in figure 10. In figure 10 the pettern for model B alone was
meeasured; however, the patternm for model B assermbled with the fourth
stage was assumed to be identical with the pattern of model A assembled

with its fourth stage.

The sntenns rsdiation patterns which are presented in figures 8
and 10 are based on measurements made with the model and the receiving
antenna sepearated by a distance of 300 feet and with both antennas
located four wavelengths above the ground. 8Since several buildings are
located within 1,000 feet of the antenna test areas, there is a possi-
bility that these pstterns are in error, particularly at the lower sig-
nal levels where the reflected energy from the major lobes mey repre-
sent an sppreciable part of the power being measured. The results
obtained Trom measurements mede with antennas whose radistion patterns
are well known indicate that portions of the antenna patterns which are
within 6 decibels of the maximum velue are accurate within 2 decibels.

During the flight tests, the telemeter transmission was recorded
by an NACA receiving stetion located at the launching site. The fol-
lowing receiving components were used:
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(1) Antenna - Twenty-turn helix operated in its axial mode; circu-
larly polarized; theoretical gain of 18 decibels over an isotropic
radiator; 26° beam width at 3-decibel attenuation points

(2) Preamplifier - Applied Science Corporation of Princeton type
APA-2 presmplifier; gain of 15 decibels; L.5-decibel measured nolse
figure of preamplifier-telemeter receiver combination

(3) Receiver ~ NACA modified APR-4 receiver with intermediate~
frequency band width of 2 megscycles and provisions for signal strength
recording

A photograph of the receiving antenns used is shown in figure 1l.
The antenna was continuocusly directed at the model by an operator who
was supplied information from the NACA modified SCR-584 tracking radsr
up until the time of fourth-stage firing. After this time the antenna
was directed in accordance with a previously calculsted trajectory.
Comparison of the trajectory used for directing the antenna with the
trajectory obtained after final data workup indicated that the antenmna
was positioned so that its gein was within 2 decibels of maximum during
the tests.

DETERMINATION (OF RECEIVED SIGNAL STRENGTH

The signal level at the intermediate frequency amplifier in the
receiver was rectified, filtered, and recorded; and calibrabtions were
made immediately following each flight to obtain the signal power
received at the antenna terminals. The accuracy of this measurement
was determined by the sccuracy of the signal source and attenugtors
used for the calibrations and the stability of the receiving equipment.
Comparison of a number of celibretions and laboratory tests of the com-
mercial radio-frequency signal generator used indicated that the gbso-

lute sccuracy was within 3 decibels at power levels from 1 X 1012 watts
"to 1 % 10'9 watts. Laboratory tests of the attenuators used and the
agreenent of repeated calibrations indicated that changes in power level
were measured within 0.5 decibel over the short interval of time
required for the model flight and calibration of the receiving equipment.
It was not possible to obtain relieble measurement of the recelved sig-
nel power at levels below 1.0 X 10713 watts because of the thermal noise
end interference present at this power level.

The power expected at the receiving antenna was calculated by using

free-space transmission theory as presented in reference 2 and the
relation
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2
P = Po(is) Cxe

The transmitted power was measured prior to firing each model and the
gein of the transmitting entenna was obtained from the radlation pat-
terns presented as figures 8 and 10 by determining the angle of the
receiving site off the longlitudinal axis of the model at each time
point. It was assumed thet the longitudinal axis of the model was
alined with the tangent to the model flight path at all times. The
angle between the tangent to the Tlight path and a line to the recelving
site was then used to determine the position of the recelving site in
the radiation psttern of the model. The angle of the recelving site
off the longitudinal axis for models A and B is presented in figures 12
and 13, respectively.

The weasured receilving antemna gain of 1k decibels over a half-
wevelength dipcle was used rather then the theoreticsl gain. The dis-~
tance to the model was obtained from radsr flight-path data discussed
in the following section.

TESTS

Model A

Model A wes launched at an angle of 73° and followed the flight
path shown in figure 1k. Up to the firing of the fourth stage, the
informaticn in figure 1k was obtained directly from the NACA modified
SCR-584 radar. After thls time radar tracking wes intermittent, and

t was necessary tc base the data on velocities obtained by integrating
the time history of the longitudinal accelerometer installed in the
model.

Thne third stage of model A ignited at an angle of 5.8° with the
horizontal at sn altitude of 96,000 feet snd Mach number of 1.0. The
telemeter signal was continuous until failure occurred near the end of
thrust of the last stage at G2.36 seconds efter take-off. At this time,
the model wes at an altitude of 98,000 feet and the Mach number was
15.58.
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Model B .

Model B was lsunched at an angle of T4© from the horizontal and
followed the flight path shown in figure 15. This flight-path informe-
tion was cobtained in the same manner as that for model A.

The third stage of model B was ignited st en angle of -17° with
the horizontal at an altitude of 88,000 feet and a Mach number of 1.0.
The telemeter signal was continuous until failure gccurred near the end
of thrust of the last stage at 94.71 seconds after teke-off. A%t this
time the model was at an altitude of 70,500 feet and the Mach number
was 15.7.

Test Conditions

Atmospheric temperature and density information wes cobtained at
the time of each model flight by the use of radiosonde equipment. These
date were essentially the same for both model flights at the altitudes
of interest. Figure 16 shows the atmospheric temperature and density
at altitudes sbove 55,000 feet for both model flights.

Time histories showing the velocity and density for models A and B
are shown in figures 17 and 18.

Model Temperatures

Meximum messured inside skin temperatures on model A reached
2,930° R at the time at which the telemeter signal was lost. Figure 19
presents time histories of the inside skin temperatures measured at two
locations on the nose of model A. As discussed in reference 1, tempera-
ture differences through the skin of ssveral hundred degrees were cal-
culated near the end of the test. The resulting meximum temperatures
indicate that the melting temperature of Inconel, 2,960° R, was reached
on the surface and was closely approached on the inside of the skin at
the time the telemeter signesl was lost.

No temperatures were measured on model B; however, the wall tem-
peratures were calculated by assuming heat-transfer quantities based on
previous experiments on similar nose shapes at these flight conditions
and using a method of finite differences to determine the heat flow
Into the wall. Figure 20 presents time histories of the surface tem-
perature which were calculated at two locstions on the nose of model B.
Because of the much greater heat capacity of the copper nose used on
model B, these calculated temperatures are much lower than the tempera-
tures on model A which were discussed previously.
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Because of the extreme temperatures experilienced on the nose cf
model A, 1t is reasonable to assume that structural failure was the
cause of loss of telemeter signal. The heating calculated for model B
was not so severe at the time the telemeter signal was lost; however,
in these calculations laminar-flow heat-transfer quantities and zero
angle of attack were assumed. If these conditions were different the
heating may have been much worse and the copper nose may have weakened
gufficiently to fail. Thus, the loss of telemeter signal from model B
may slso have been the result of structural failure caused by heating.

RESULTS AND DISCUSSION

Comparison of Measured and Theoretical
Received Signal Strengths

Time histories of the received signal strength and the signal
strength calculated in accordance with free-space theory are presented
in figures 21 and 22 for models A and B, respectively. Data are pre-
sented only for the time following fourth-stage firing since this time
covers the period of significant heating of the gases surrounding the
models and includes speeds above a Mach number of 5.0 for both models.
In figures 21 and 22 the signal strength is not shown at the time of
fourth-stage and fifth-stage rocket firing. At these times variations
in signal strength were on the order of 20 to 30 decibels. t is
thought that these large variations were caused either by reflections
during separation of the stages or by transient changes in the attitude
of the model which placed the receiving site in a different position in
the antenna pattern; or by some combination of these items.

In figure 22, the large difference between the measured and theo-
retical signal strengths for model B is thought to have been caused by
low power-supply voltage in the model. This model was delayed during
tne lesunching procedure and remained on its internal battery supply
riuch longer than was desired. Measurement of the signal strength with
the model on the launcher showed that the received power was 12 decibels
below that cof model A and that this power was decreasing slowly at the
time of flring. However, it is estimated that the decrease in power
pecause of supply-voltage changes during the time interval covered in
Tigure 22 was less than 2 decibels.
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Changes in Signal Strength at Incressed
Velocity Flight Conditions

Direct comparison between the measured and theoretical plots in
figures 21 and 22 is of limited value because of the difficulty in pre-
dicting the signal strength by using free-space-propagstion theory
alone. TFactors such as multipath transmission and varistions in atmos-
pheric conditions could ecause significant differences between the theo-
retical and measured signal strengths. For this reason, it sppears
that the most significant information is in the changes in signal
strength during each flight. t is recognized that the factors men-
tioned previously may also affect these changes in signal strength;
however, for these flights the part of the transmission path in the
lower atmosphere is essentially constant, and atmospheric conditions
should remain unchanged during the short time intervel required for
each test.

In order to indicate the attenustion experienced at increased
velocity flight conditions, the changes in measured signal strength
were corrected by the amount predicted by using free space theory. A
time following fourth-stage ignition was selected as the reference
point, and the changes in both the measured and theoretlical received
signal strength were determined until the time the telemeter signel wes
lost. The difference between the measured and the theoreticel changes
in signal strength then gives the change in signhal strength which may
be attributed to increased velocities. The resulting time histories,
along with time histories of Mach mumber and altitude, are presented in
figures 23 and 24 for models A and B, respectively.

In figure 23, it should be noted that a decrease in signal strength
of approximately 9 decibels occurred between 89.0 seconds and 90.0 sec-
onds, and that this decrease was recovered after fifth-stage ignition
and separation of the fourth and fifth stages. The continuous decrease
in signal strength following fifth-stage ignition may have been the
result of thermal ionization in the gases surrounding the model or
other conditions existing at increased flight velocities. However,
study of the measured transverse accelerations indicated that the model
resched an angle of attack of 10° at the time at which the telemeter
signal was lost. This change, or a change in attitude during structural
failure, mey have placed the receiving site in an unfavorable part of
the model antenna pattern, resulting in decreased signsl strength.

In figure 24, a decrease in signsl strength occwrred during fourth-
stage burning at spproximately the same time after ignition as was noted
for model A. The signal strength continued to decrease after fifth-
stege firing for model B and after 9%.0 seconds the signal strength for
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model B was approachling the thermal noise level of the receiver. Since
no transverse acceleration measurements were made in model B, it was

not possible to determine if the decrease in signal strength was related
to possible attitude changes of the model.

Conditions at Increased Flight Velocities

Several aspects of the problem of radio transmission at increased
flight wveloclties are as follows:

(1) Increased electron concentration in the flow field surrounding
the model may cause attenuation and reflections of the radiated signal;
also, impedance mismstch of the radiating antenna may occur with a
resulting power loss.

(2) At increased concentrations of free electrons and ions, and
with low local pressures, the electric field strength between parts of
the radiasting antenna may cause breakdown and power loss in arc
discharge.

(3) During rocket ignition and burning, combustion products in the
exhaust gases may produce additional attentustion if the signal path
rasses through these gases. At Increased veloclties and high altitudes,
the expansion of the rocket exhaust gases will increase and a greater
area 1ls affected by these combustion products.

(4) Extreme hesting present at increassed velocities affects the
properties of the dielectric material used in the radiating antenna.
The dielectric-loss factor of this msterial increases and other changes
mey take place which reduce the radiated power.

(5) Natural atmospheric lonization and dissociation in the path
between the transmitting entenna and the receiving site may be lmpor-
tant during trensmission from high altitudes. Since both mcdels A and B
were well below the ionosphere, this factor was not considered for the
tests reported herein.

The factors listed as items (1) and (2) are related to the physi-
cal structure of the gases surrounding the model. Detailed analysis of
the interaction between these gases and the electromagnetic field is an
extremely difficult prcblem which requires information that is not
avaeilable.

Rocket combustion products may have resulted in some sttenuation.

This possibility is indicated in figure 23 by the recovery of signsl
efter fourth-stage burnout and following separation of the fifth stage.

-
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It is significant that the thermsl ionization due to increased veloecity
should have been much grester at 90.8 seconds than =t 89.8 seconds, yet
the signal strength increased epproximately 6.0 decibels. The results
shown in figure 24 for model B do not agree with this; however, it
should be noted from figures 12 and 13 that the transmission path for
model B is at & much greater angle off the longitudinal axis than for
mnodel A. It is reasonable to expect thet the effects of the cambustion
products were greatly reduced at this increased angle.

Estimgtes of the heating experienced by the aluminum oxide antenna
dielectric meterial (Coors Porcelain Co. type AI-200) showed that sur-
face temperatures of 930° F and 500° F were reached for models A and B,
respectively. Informetion on the properties of this material is not
avelleble at the opersting freguency of 219.5 megacycles. However, at

a frequency of 1 x 106 cycles the dielectric-loss increases from 0.0267

at 68° F to 0.107 at 930° F; and at 1 x 10°C cycles the loss factor
increases from 0.0l46 to 0.0179 over this temperature range. Qualita-
tive tests made by substituting s material whose dielectric-loss factor
was known to exceed that of aluminum oxide at elevated temperatures
indicated that the loss from this source was less thsn 3 decibels.

As was stated previously, enalysis of the physical state of the
geses surrounding the models is difficult. However, from conductivity
considerations it is reassonable to assume that the resulting attenua-
tion is a function of the free-electron concentration at the radiating
antenna and in the flow field surrounding the model. In order to indl-
cate the conditions for these models and to provide comparison with a
practical case, calculations were made of the electron conecentration at
the stagnation point for models A and B and for a hypothetical ballistic
missile during reentry.

It is necessary to emphasize that exact comparison of the trans-
mission from these models and the ballistic missile case cannot be made
on the pasls of the electron concentration at the stagnation point
alone. Such comperison would require information on the electron con-
centration throughout the entire flow field surrounding the vehicles
and knowledge of the interaction with the electromagnetic field pro-
duced by the trensmitting entenna. Thus a ballistic missile might have
more, or less, attenuatlion then these models even though the stagnation-~
point electron concentrations are the same. However, the increased
electron concentration at the stagnation point with increased velocity
should be representative of increased electron concentration throughout
the flow field.

Figure 25 presents the free-electron concentration at the stagna-
T,
tion point for models A and B, and for a reentry missile with —~— of

W
Cph
G
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100 lb/Sq ft, reentry altitude of 200,000 feet, reentry angle of -21.80,
and reentry velocity of 20,000 feet per second. These electron concen-
trations were calculated with the eguilibrium composition of alr given
in reference 3 and the stagnation-point conditions in reference k.
Atmospheric density and temperature velues for the ballistic-missile
case were cobtalned from reference 5. It should be noted that both
models A snd B were flown &t altitudes below the region of maximum elec-
tron concentration for the reentry missile; however, it is significant
that the maximum electron concentration at which a telemeter signal was
recelved gpproached the maximum electron concentration expected during
reentry of such a missile.

CONCLUDING REMARKS

Two rocket-powered models were flown at hypersonic speeds with
telemeters operating at e frequency of 219.5 megacycles. One model
reached a Mach number of 15.5 at en altitude of 98,000 feet before the
telemeter signal was lost, and the other model reached a Mach number
of 15.7 at 70,500 feet. The reasons for loss of telemeter signal are
not known; hcwever, it sppears that both models may have failed struc-
turally because of severe szerodynemlic heating at the time at which the
telemeter signeal was lost.

\inalysis of the signal strength received from each model showed
that significant decrease in signal strength occurred during the period
cf Mach number increase. It was not possible to deitermine the amount
of attenuation caused by thermsl ionizstion in the high-temperature
geses surrounding the models or by other conditions experienced during
the filights.

There is reasonsble evidence, in one case, that part of the signal
loss may heve resulted from a chsnge in model attitude which placed the
recelving site in a null in the antenna radiation pattern. In this
case it also appears that some attenuation may have been caused by
rocket combustion products in the path between the model and the

recelving site.

Increased losses 1n the antenna dielectric material at the elevated
temperatures produced by eerodynemic heating prcobably caused only slight
signal loss during the model flights.

It is important that successful telemeter transmission was obtained
at these flight conditions even though there may have been considereble
attenuation because of thermal ionization. Also, it should be noted
that the meximum stagnation point electron concentrations at which a

SR
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telemeter signsl was received closely approached the maximum concentra-
tion expected for s reentry vehicle with éﬂ- of 100 (where W is

weight, Cp 1is drag coefficient, and A is frontal area of the body),

reentry altitude of 200,000 feet, reentry angle of -21.80, and reentry
velocity of 20,000 feet per second.

Langley Aeronautical Laboratory,
National Advisory Cormittee for Aeronsutics,
Langley Field, Va., April 2, 1958.
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L-57-1085

Figure 1.- Photograph of flve-stage rocket-powered model on launcher.



First Four Stages
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Figure 2.- Sketch of first four stages and welghts of components.
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Figure 3.. Photograph of model A,
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Fifth stage alone \\

Fourth and fifth steges assembled

-4 -5 -6-7-8-9-10 "
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Gain relative to half-wavelength dipole, deéibels .

Figure 8.- Nominal antenne radiation patterns in plane containing longi-
tudinal axis of model. Model A.
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Figure 9.- Deteils of antenna construction of model B.
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Model A and Model B
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Figure 20.- Calculated outside wall temperature of model B.




34

Power gt receiving antenng, st 1t W

NACA RM L58D18a

——— ——— J—

\

o

T T‘——_—_"_— 'F_"————— T T T T

O Measured sigral strength
O Signal strength calculated
us‘ng free-space theory

Results not shown during
fifth-stage ignition

3

[ Fourth-stage ignition

FI R O I D O A O

Fifth-stage ignition
[ N A

|

¥ i

a [ 8 o 2 4 [ 8 (o] 2 4 [
89 S0

8 c 2 4 6

9l

Time after launching, sec

Figure 21.- Measured and theoretical received signal strength from

model A.




Power at receiving anfenna, M MW

NACA RM L58D18a e 35
103
——-CO— 00—
/-—Theory
102
O\O——O/’—O—LT"
10
Results not shown during
[ \ fifth~stage ignition
-
+—
1ot AN
0O Measured signal strength
QC Signal strength colculated
using free—space theory
1—Fourth-stcge ignition l‘F"ffh-SfGGe ignition
o} 2 4 (] 8 Q 6 8 o] 2 49 6 8 o 2 & 6 8 (o]
S 92 93 94 5

Time after launching, sec

Figure 22.- Measured and theoretical received signal strength from

model B.




Altitude, thousanrds of ‘eet

Figure 23.- Changes in received signal strength attributed to increased velocity flight condi-

1o

100

20

80

70

60

Maclh number

o)

Change .n received signcl strengih at:ribuiec 10 noreased ve.ocity flight condizions, decibels

20

22

24

26

28

30

Change in received signal strength ottributed
to increased velocity flight conditions

o9

Mach number—]

Altitude —i

"
M / L‘/ "

é Results no

t shown during

T i fth-stage igmtion

T N [ S W
4 6 8

o .2 4 6 B 0 2 4 6

20 21
Time after launching, sec

tions, altitude, and Mach number time histories for model A.

N

BRTARSGT WM VOVN



=
I 1 =
o - Change in received signal strengih attribuied b
0 fo increased velocity fhight conditions o
8 2
a U
>
g 0 D 7Y B
8 \‘ \“\ g’
- 2 X;
£
=z
M 41—
oy
g ol
[ Results nol shown during
nor o 8k fifth stage ignition
2 B
o
L (o] o
(4]
=
00f  20p , 12} "‘
. 2
K} ® b Ot
5 2 N
L 90t 15 £ I8~
=3 ~ Q
=] Q _
3 £ £ 18 —L‘“-\-__h‘ | — Altitude P,
o 5 o —f I
£ 2 S —— ] e
. 80 < 0} £ 20- e
'g” g L) _‘-—-—_______
-‘:g z g 224 /_, Mach number Te—— .
4 -ﬁ /4 ‘\
70| 5f- g 24)~
=2
[ n
o 261
[0]
F% R =S Y IS T O I N N N N O I
s 2 4 6 8 O 2 4 6 8 0 .2 4 6 8 0 2 4 6 8 0 2 4 6 8 0
g 9l 92 93 94 95
5 Time ofter launching, sec

Tigure 24.~ Changes in received signal strength attributed to increased velocity flight condi-
tlons, altitude, and Mach number time histories for model B.

Le



38 N NACA RM L58D18s

Reentry Conditions ot
Altitude of 200,000 ft §
W

E:Dj' =100
v=20,000 fps

a=-2i.8°

LA e 2 |
li‘LL

Ne™

40 60 80 100 120 140 160 teox 103
Altitude
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“ NACA - Langley Fleld, Va.



* il




